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THE SYNTHESIS OF ESTERS OF ALPHA-AMINOALKYLIHIOPHOSPHONIC ACIDS

Doklady Alkademii Neuk.SSSR M.I. Kabachnik, T. Ya. Medved®,

’—'——-‘-—‘_—_‘.-————‘

Moszow, 11 Oct 1953 and T.A. Mastryukova
Inst of Organic Chem, Acad Sei USSR

In our wock (1)
“» phosphites in alcohol
aclds:

it was shown that alehydes and ket

ones react with dialkyl-
-ammonia’ solutions to form esters

of q-aminoalkylphosphonic

N, 08 R\C/NH

OR &' NPo(cR)n

The reaction is carried out by heating the mixture to 100 degrees centi-
grade in sealed tubes for a period of several hours. The free acids are read-
ily obtained by saponifying the esters cf &-aminsalkylphosphonic acids. This
reaction is similer to the well-known reaction for the preparation of aminoni-
triles from aeldehydes or ketones » 8mmonia, and hydrocyanic ecia (2), or accord-

ing to N.D. Zelinskiy (2), from aldehydes or ke’ones, ammonium chloride, and
notassium eyanide:

+ 0

R Ry 1

N ]
C=0 4 Nig4 HON —p C Ho0
R'7 N+ RY \cn T

The synthesis of d-aminusulronic acids from aldehydes and ammonium bisul-
fite is also related to this t

ype of reaction (4):

R R
~ ~ M,
C = 0 4 IthSO3 — [ + H.0
- RY R'/ Ns04H
V.M. Rodionov's reacticn is elso related, i.e., the synthesis of B-aminoacida '(5):

R »CCOR R < MH

~ =04 w4 CE, c + 5,0 4 cop
R+ N cooy, R'Z “CHaCOOR

A common charscteristic of the above reactions is
porticipating in them are salts of acids which are capd
o versions of cither the diad or triad type:

thet the ammonium salts
ble of tdutomérie con-’

) Hy o0 HO
. H-Cz: N & = nou sZ Ns -0
H” N9 g0~
i. _OR OR COOR COOR
N/ . ‘e - ”
DGR — P< ; CHp = d _cg
0% “or OR "~ COOR . =
Nor

M. I. Kabachnik and T. A, Mastryukova (6) pointed out that dialkylth.iophos-
rhites also belond to this category:.. L4

OR (13 IOR

P7 &= oms - %
“oR
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The tautomeric equilibrium in thege
side having the Pentavalent phosphorus.
alcoholate » for example,

substences is strongly shifted tc the
However, under the action of sodium
these substances form salts having trivalent Phosphorus :

RO = HQy _OR Ri}i "/OR
P +- _F
nat s@ “or Nas ~~ Nog

Upon élkylation, these salte form derivatives of alkylphosphonic aci& with a
Pentavalemnt phosphorus atsm:

I = R OR I~ R! OR
B - ~p”
+ +2 20N + - 2~
Na$S OR Ne 82 “or

These properties of dialkylthiophosphi'r.es

permitted us to assume that in
reactions with carbonyl compounds and ammonia

they must form esters of the
corresponding aminothiophosphonic acids:
R H OR R NH.
~ P
C:O+NH,+ /\P: - \c\g + Hz0
Ry 2 s%7 “or Ry Ps(0R),
o
This assumption has be

en fully confirmed by experiment. The reaction of
dialky.}thiophosphites with

aldehydes or ketones and ammonia takes place more
smoothly than the remction of dialkylphosphites, We accomplished it by heat-
ing a mixture of equivalent amounts of aldehyde or ketone ) dia.lkylthiophosphite ,
and a 10% ammonia soluticn in absolute alcohol (a 50% excess of ammonia) “in

a sealed glass tube on a boiling water bath for a period of 3 hours. fThen the
alechol and the excess ammonia were Bistilled off and the residue distilled
under vacuum. In the reaction with benzaldehyde or acetophenone, the heating
was continued for 6 hours; the reaction DProduct was separated in the form of

its picrate. The initial dialkylthiophosphites were synthesized through the re-

according ‘to the method pro-
posed by M.I. Kabacknik and T.A, Mastryukova (7) ’

Listed in tebles 1 and 2 éppended) are the substances synthesized by the re-
action of dialkylthiophosphites with ammonia

and aldehydes or ketones » together
with their constants and the Jata of analysis

We proved the structure of the substances prepared by using d-amincisopropyl-
phosphonic acid as an example. Saponification of the ester of this acid by heat-
ing it with hydrochloric acid (l:l) in a sealed tube yielded d—aminoisopropylphos-
phonic acid which wag synthesized earlier by T. Ya. Medved' and M. I. Kabachnik.(8)
tions proved to be identical.. . . ) :
CH3 NH, CH.
AN 2 7

c< + 31,0 — 3>c e + HS 4 2CoHgou
CHy~ MPS(0C,Hs ), : CHy \Po(ori)a

In regard to the mechanism of the reaction, it may be assumed that the
dialkylthiophosphite forms the corresponding ammonium salt in the aleohol-ammonia
solution:

HiN: — HQP/OR - o OR

€ __P
52/ Nor 57 Nor




This calt reacts with the carbonyl compound with a transfer of the reaction
center in a manner similer to that which tckes plece during the alkylation of
sodium dialkylthiophoephite. Aan exchange reaction with ammonia completes the
formation of the ester of @-aminothiophosphenic acid:

Bse £ ANy + it = BN +
B NS g R ™ s “Ps(0R), AR D NPs(oR), 3

NS 7S op

R o R u R
~ N3 \C/NHE

+ o —=> Hp0
3 R \PS(OR)e RV \ps(oa)2+ € g \PS(OR)2+

The presence of an ammonium salt having the structure -ﬁnh§-P(OR)2 in the ‘
elcohol-ammonia solution of dialkylthiophosphite is Proved by the fact that sul-
fur”is soluble ir this solution afte’ it has been heated to 1Q0 degrees centi-
grade;. ammonium salt o udalkyldithiophosphoric acid then forms, which has been
i olated and@ described: -

CHsO.,  + ColsO\_25_. CollsON o8
N T, 45 - Tl T s, 1Dt
CoH50” ' CoHs0" i, Colts0”  “sH

We prepared this salt from dialkyldithiophosphate of known composition and
ammonia. In both cases, and in a mixed test, the melting point was 162-163
degrees centigrade.

[Table follows on next page.]
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Table 1. Esters of alpha-Aminualkylthiophosphonic Acids

Boiling MR
Point Pressure dau n2()
Formula (degrees) (mm. Hg) S D Found Calculated
CH3 _WEp
c< 83-84 5 1.0543 1.4760 6.3 56,4
cn3/ Ps(oczai)Q .
CHy  NE,
T 87-88 L 0.0108 1.4665 65.5 65.4
CHy Ps(oc.Er-1),
CHy\ _-CH,

/c\ 120-122 5 1.0019 1.h722 7.8 Th.7
NHy PS(0CyHy )p e e .
o NE,

2
H3>c/ 95-96 6 1.ou92 1.4808 .9 61.0
Colis” “\PS(ocofls )p o i )
CEH.
N 7

3 P c\ e 101-103 3 1.0204 1.4740 70.1 69.7
02115 Ps(w337-1)2 . ———
CH NE,

3

\/c 99-101 b 1.0255 1.4798 70.2 70.1
CyyHg \PS(0C2E5 )2 N _
CH.

s
3N M 107-108 3 0.9931 1745 9.4 9.6

Sy N es(0c R, 1),
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Analysis (in 4)

Yield C " ¥
%) Found ~  Calculated Found (el = P
- 9.8 —= X Celculated Found Calculated F;Lmi Calculated
3 39.8 8. .
10,1 66 6.4 6.6 - w7
45,1 8.8
2,
8o b5.2 9.2 6.6 189
45.2 8.9 3.0 13.0
g LR ) 11.8
B 11.6
§ 11.7
: 8 43.1 9.3 6.2
) .
- B 3 " k2.7 9.9 6.2 Y
oY ool 9.2 6.1 1.8 13.8
g
456 5.4 5 12.3
R -3 12.2
5.6 12.2
47.9 9.9
26 4T.4 9.5 12.1
48.0 9.8 121 12.3
b5 LR 1.0
5.0 11.1
k.3 1.1

' ' resamndan s
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Table 2. Esters of alpha-Aminoalkylthiophosphonic Acids
Melting

] Point Yield __P Valnes N Valnes
& Formula gdegreesz (%) Found Calculaved Found Calculated

CH NH_HOC H_ (N0, )

275\ 7 TR RgEA L0, 3

C 175-178 b1 6.4;6, 6.4 2.9;

v H -~ \P5(0C235)2 ;6.3 912'7 2.9
> -

cén5 \c /NH2H006H2(N02) 3

174 .9;5.8 .0 .8;2. .
): P \PS(OCBH-?-i)E 35935 s 2.8:2.8 &1

c6u5 \c /Nneaocéxa(xvoa)3

169-171 k2 §.2;6. 6.2 732, .
CH3 7 \PS(OCQHE )2 T 3 2.7:2.9 28

csns\c s ngnocsxa(noe) 3

170 1 5.6;5.6 . —- ——
cHy \PS(OC3H7-1)2 3t 5655 58
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